In term infants sucrose given by mouth has been reported to reduce duration of crying after a hcel prick. This study was designed primarily to investigate the cffect of sucrose administered orally immediately before heel lancing on the nociceptive reaction in pretcrm infants as assessed by change in heart rate and duration of crying. A secondary objective was to document changes in cerebral blood volume during acute pain. We used a randomized, masked, placebo-controlled, crossover trial in a neonatal intermediate care unit in a level 3 perinatal center. The patients studied were 16 preterm infants; birth weight, 900-1900 g; gestational wk, 27-34; corrected postmenstrual age at time of investigation, 33-36 wk. Each infant was assessed twice receiving 2 m L of sucrose 50% or 2 mL of distilled water in random order immediately before heel lance. Heart rate, thoracic movcPreterm infants usually endure many heel pricks and other stressful events during their first hospital stay, even if they do not need intensive care. There was a general belief that preterm infants are lcss sensitive to pain than more mature infants; as a result, analgesics and anesthetic agents were rarely used in preterm babies. There has been growing evidence in the last decade that preterm infants are anatomically and physiologically capable of feeling pain. This evidence has led to a change in clinical practice (1-3).
Preterm infants usually endure many heel pricks and other stressful events during their first hospital stay, even if they do not need intensive care. There was a general belief that preterm infants are lcss sensitive to pain than more mature infants; as a result, analgesics and anesthetic agents were rarely used in preterm babies. There has been growing evidence in the last decade that preterm infants are anatomically and physiologically capable of feeling pain. This evidence has led to a change in clinical practice (1-3).
Pain involves subjective and emotional associations that are difficult to define in neonates. Nociception (response of the pain-reception neurones), although less often used, would be a better definition as it is a purely physiologic term (4) . W e use "pain" in this restricted sense of "nociception."
Reaction to pain can be assessed in three ways: 1) watching behavior, including facial expression, body movements, and cry; 2) monitoring physiologic variables, such as heart rate, blood pressure, transcutaneous blood gases; and 3) measuring the release of stress hormones, such as catecholamines and ments, and transcutaneous blood gases were monitored continuously. Crying during the procedure was documented by a videocamera. A change in cerebral blood volume was assessed by near-infrared spectroscopy. We found the heart rate increased by a mean of 35 beatslmin (bpm) after sucrose and 51 bpm aftcr placebo (median difference 16 bpm, interquartile range 1-30 bpm, p = 0.005). Infants cried 67% of time after sucrose and 88% after placebo (median difference lo%, interquartile range 3-33%, 17 = 0.002). Cerebral blood volume decreased in 5 of 14 infants after sucrose and in 6 of 14 infants after placebo (difference not significant). We concluded that sucrose administered orally before a heel lance reduces the pain reaction in preterm infants. Response of cerebral blood volume to pain does not seem to be altered by sucrose. (Pediatr Res 38: 332-335, 1995) cortisol (5-7). For the present study monitoring of physiologic variables was chosen because they can be continuously recorded and easily quantified, and, therefore, are best suited to assess the response to an acute painful stimulus.
Different methods have been proposed to reduce pain in daily neonatal care: tactile and auditory maneuvers, pacifier, swaddling, anesthetic cream, and pharmacologic agents (8) (9) (10) . Sucrose given orally to healthy term newborn infants during blood collection or circumcision reduces crying (11) . No quantitative data have been published for preterm infants. A s preterm infants usually undergo blood collection from heel prick more often than term infants, w e found it important to demonstrate that sucrose also acts favorably in these immature infants.
The primary objective of this study was to evaluate the effect of 2 m L of 50% sucrose given orally 2 min before a heel lance on pain reaction assessed by an increase in heart rate. Secondary objectives were to study other physiologic characteristics, including changes in cerebral blood volume, to compare the subjective impression of pain reaction of the nurses with the 
METHODS
Preterm infants in intermediate care who would get a clinically indicated blood sample by heel lance were enrolled in the trial. Exclusion criteria were: gestational age >34 wk at birth, drug dependence of the mother, malformation, intraventricular hemorrhage, intracerebral hemorrhage, cystic leukomalacia, signs or symptoms of acute illness, and any medication except vitamins in the last 3 d before the study.
Every infant was assessed twice; each baby received sucrose or water in random order. Vials containing 50% sucrose or distilled water were prepared in the hospital pharmacy. Using a table of random numbers sucrose was coded with a or b, and water with the complen~ent. The vials were brown, and the contents could not be identified by eye.
The evaluation was done between 0900 and 1200 h at least 60 min after the last feed. The infants were placed in prone position under a radiant warmer in a separate room with constant lighting and low noise. The infants were dressed only with a light vest and diapers.
Heart rate and respiratory movements were assessed by a standard cardiorespirograph (Servomed, Hellige, Freiburg, Germany). Po, and Pco, were measured transcutaneously with a combined sensor heated at 44OC (Oxicapnomonitor 365, Hellige, Freiburg, Germany). Concentration changes of oxyhemoglobin, deoxyhemoglobin and cerebral blood volume in the head were measured with a four wavelength near-infrared spectrophotometer (NIR 500, Hamamatsu, Japan) (12) . The optodes emitting and receiving near-infrared light were fixed in the temporal region 4 cm apart. The data from the monitors were stored continuously with a sampling rate of 1 Hz on a laptop. During the entire procedure each infant was filmed with a time-coded camera (JVC Super VHS). From these recordings crying, defined as any vocal expression, including sobbing and whimpering, was determined.
When the infant was quiet, baseline values were recorded. An assistant, not involved in the study, gave 2 mL of the test fluid slowly into the mouth. The heel was warmed with an infrared warmer without touching the skin. An experienced nurse wiped the heel with alcohol, prick.ed the heel on the side with a 5-mm microlancette, collected the blood with a container, sampled the final drop on a glucose-stick, fixed an adhesive plaster and repositioned the foot. She was instructed not to speak and to touch only the sampled foot. The protocol allowed a pacifier when the baby continued to be excited for more than 3 min. This happened only in one patient, and on both occasions (with sucrose and with water).
The nurse and the principal investigator were asked to guess, at the end of the procedure, whether they thought the baby had received sucrose or placebo.
Data Analysis
All data were analyzed before the code was broken; before the identity of the sucrose and the placebo groups were known. For each monitored variable criteria allowing quantification were defined before analysis:
Heart rate. Difference between baseline (mean of 20 values) and after heel prick for blood collection (mean of five peak values) and recovery time (time interval between end of blood collection until heart rate returned to baseIine values plus two standard deviations).
Respiration. Recovery time (time between end of blood collectioll and return to regular breaths).
Transcutaneous Po,. Difference between baseline and lowest value during procedure and difference between baseline and highest value during procedure.
Transcutaneous Pco,. Difference between baseline and lowest value during procedure and difference between baseline and value 10 min after end of blood collection.
Cry. Relative time of crying during heel prick and blood collection and time in seconds between end of blood collection to the first 20-s period without crying.
Cerebral near-infrared spectroscopy. Cerebral oxyhemoglobin, deoxyhemoglobin, and total blood volume.
The printouts of every session were classified by three observers; each was asked, independently, whether there was an increase, a decrease, or no change after the heel prick.
Statistics
A minimal sample size of 15 was calculated to detect a difference of 25% from baseline heart rate with 90% confidence. Values from the sucrose and .the placebo group were compared with the Wilcoxon signed rank test using standard software (JMP on Macintosh).
RESULTS
Median increase of heart rate was 34 beats per minute (bpm) (range 12 to 53) in the sucrose group and 51 bpm (range 22 to 18) in the placebo group. The difference between the two groups is statistically significant ( p = 0.005) (Fig. 1) .
Infants who received sucrose cried for a significantly shorter period than those who were given placebo before the heel lance ( p = 0.002) (Fig. 2) . The physiologic characteristics that were explored are given in Table 1 . All pointed toward an analgesic effect of sucrose although the number of subjects was too small to rule out the play of chance. The variability of transcutaneous Po, and transcutaneous Pco, is illustrated with recordings from six patients in Figs. 3  and 4 . An example of a near-infrared recording showing typical variation of oxyhemoglobin, deoxhemoglobin, and total Hb reflecting cerebral blood volume is shown (Fig. 5) . The Table 2 gives the qualitative changes of oxyhemoglobin, deoxyhemoglobin, and cerebral blood volume. Total blood volume decreased in 5 of 14 instances after sucrose and in 6 of 14 after placebo.
The guesses of nurses and principal investigator whether an principal investigator in 12 + 7 = 19 instances (59%). Both guesses are not significantly different from chance. Median glucose concentration at the end of blood sampling was 5.8 mmol/L (range 1.7 to 7.8) after sucrose and 6.0 mmol/L (range 2.9 to 9.1) after placebo. There was no correlation between glucose concentration and increase in heart rate or duration of crying.
DISCUSSION
infant had received glucose or placebo are given Table 3 . The This study shows a significant calming effect of sucrose on nurses guessed correctly in 6 + 9 = 15 instances (56%) and the nociceptive reaction of preterm infants to a heel lance mea-sured as an increase in heart rate. This confirms a similar observation of Blass and Hoffmeyer (11) in term infants. These authors recorded the amount of crying during a painful procedure. We based our main hypothesis on heart rate recording as this is easier to document, but analysis of crying would have given the same result. Our findings provide further evidence that preterm infants are capable of reacting to a painful stimulus and that this reaction can be reduced by appropriate measures.
In a recently published study sucrose did not reduce the time of crying after a heel stab in term newborn infants (13) . In this study 20 infants got sucrose and 20 others not. Although the number of subjects involved in this trial is larger than in our trial, the between-patient design increases the amount of "noise" in the data. Therefore the power to detect a significant difference is low and a positive effect might have been missed. In addition a lower sucrose concentration (7.5%) was used which may explain at least partly this null result.
Shide and Blass (14) could demonstrate in infant rats that the analgesic effect of sucrose can be reversed by naloxone, an opiate antagonist. They therefore postulated that the mechanism involves activation of endorphins. Transcutaneous Pco, fell in all instances. This response in association with crying has been described before (15) . Decrease of transcutaneous Pco, was less pronounced with sucrose than with placebo but this difference did not reach statistical significance (p = 0.09).
The response of transcutaneous Po, to the heel lance was inconsistent, in some infants it decreased and in others it increased (Fig. 3) . These two patterns associated with crying have been recognized before (16) . A decrease in transcutaneous Po, may be due to an elevation in the intrathoracic pressure resulting in a right-to-left shunt. An increase in transcutaneous Po, may be the consequence of a reopening of collapsed alveoli and thus a better ventilation-perfusion relation during crying. In term infants a decrease in transcutaneous Po, has been shown in the first 3 to 5 d after birth and an increase thereafter.
This opposing trend may explain why we were unable to detect a significant difference between sucrose and placebo.
The near-infrared spectroscopy tracings varied widely between individual infants; and sucrose did not alter the response compared with placebo. Cerebral blood volume derived from the sum of oxyhemoglobin and deoxyhemoglobin increased in 39% of the recordings, decreased in 4%, and did not differ significantly from baseline in the remaining 57%. These findings do not agree with those reported by Brazy (17) who found an increase in cerebral blood volume during crying in 86% of infants studied. This discrepancy m a y well be d u e to a difference in methodology rather than to a population difference.
We have been warned against recommending sucrose as an analgesic and calming intervention in infants for three reasons. First, because sucrose 50% has a relatively high osmolarity (2170 mosmol/L). Although many oral drugs given to newborn infants have even a higher osmolarity (18), we would not administer sucrose to immature infants at high risk for necrotizing enterocolitis before oral feeding is established. This policy also should avoid potential hyperglycemia. Second, because sucrose, which is cornposed of fructose and glucose, may have a deleterious effect in subjects with fructose intolerance (19) . Although this rare side effect cannot be avoided, it is better, we suggest, to expose subjects in a clinic where immediate help is available, as it would not be at home.
Third, sucrose is well known to be the most important factor in the development of caries. Although newborns do not have teeth, they might be conditioned to sweeteners early. Although such an early conditioning of taste has not been demonstrated convincingly, parents might be impressed by the calming effect of sucrose and continue to use it at horne. An artificial sweetener would not favor caries but its analgesic effect remains to be demonstrated.
In conclusion, our results show that sucrose reduces the nociceptive reaction in preterm infants. This effect may not be obvious to the caretakers. The use of sucrose in newborn infants should be restricted to alleviate painful procedures. Copious use of sugar should not be encouraged, in view of its high osmolarity, its rare detrimental efect in fructose intolerance, and its relation to dental caries.
